The role of methyl jasmonate (MJ) in strawberry (Fragaria x anassa Duch. Cv 27 Pajaro) fruit ripening was investigated by monitoring its endogenpus concentrations in 28 fruit at various stages of development and the effects of exogenously applied MJ at 29 these stages on ethylene biosynthesis. The concentration of endogenous trans-MJ was 30 significantly higher in the white fruit (31.7 -162.2 ng·g -1 ) and decreased sharply in 31 half and fully ripe fruit. Higher concentrations of endogenous trans-MJ at the white 32 stage of strawberry fruit development followed by a decline during fruit ripening 33 indicate that MJ may play an important role in modulating fruit ripening. 34
Introduction
. Fruit (50 g) were homogenised with a 50-mL saturated NaCl solution, 126 2.5-mL of 1M citric acid, and 50 mL of diethyl ether containing 10 mgL -1 butylated 127 hydroxytoluene (BHT) as an antioxidant and 4.8 µg of 9,10 dihydro methyl jasmonate 128 as the internal standard. The ether phase was removed after centrifugation for 10 min 129 at 2000 g, and the aqueous layer was extracted with 150 mL diethyl ether containing 130 10 mgL -1 BHT. The extracts resulted from ether phase were dried under N 2 . The 131 dried residue was dissolved in 5 mL n-Hexane and passed through a silica gel column 132 The discs were transferred to MJ-free petri 159 dishes containing a filter paper moistened with 2 mL of 0.4M mannitol. The discs 160 from each strawberry were treated as a replicate and three strawberries were used. Ten 161 fruit were randomly selected and used for preparing the discs in each replication. 162
Ethylene production was measured at 0, 1, 2, and 3 d after MJ treatment. After 163 ethylene determination, the discs were used to estimate the activities of ACC oxidase 164 and ACC synthase. 165 166
Estimation of activities of ACC synthase and ACC oxidase 167
The ACC synthase and ACC oxidase activities were determined from fruit tissues 168 according to the method described by Mathooko et al. (1993) 
Statistical analysis 187
The data were subjected to analysis of variance (ANOVA), using Genstat 188 release 6.1 (Lawes Agricultural Trust, Rothamsted Experimental Station, U.K.). 189
Effects of different MJ concentrations, duration of treatment and fruit development 190 stages and the interaction among these factors were assessed within ANOVA. Least 191 significant differences (Fisher's protected LSD) were calculated, following significant 192 F-test results (P ≤ 0.05), and all the assumptions of analysis of variance were checked 193 to ensure validity of the statistical analysis. Unless otherwise specified, all the 194 significant differences mentioned hereafter are for P ≤ 0.05.
Results 197 198

Endogenous methyl jasmonate in fruit at various developmental stages 199
Trans-MJ was identified in strawberry fruit at different development and 200 ripening stages using GC-MS (Fig. 1) (Fig. 2) . As the postharvest 203 period progressed, the concentration of MJ decreased steadily at all development 204 stages of the fruit, and the trend was more pronounced in white fruit compared to half 205 ripe and fully ripe fruit. 206 207
Effect of MJ on ethylene biosynthesis 208
The discs of fully ripe fruit treated with MJ treatment (50 µM) incubated for 209 24 h significantly increased ethylene production at zero and two days after treatment 210 as compared to the discs of untreated fruit (Fig. 3) . At day 3, the effect of MJ 211 incubation for 24 h on ethylene production in fully ripe fruit was not significant. 212
The discs of MJ-treated fully ripe fruit with 48 h incubation showed 213 significantly higher ethylene production as compared to untreated fruit (Fig 3) . 214
Ethylene production in strawberry fruit discs treated with 50 µM MJ after 48 h 215 incubation period was significantly higher as compared to 10 µM MJ treatment and 216 control on day 2 and 3 after treatment. 217
The discs of half ripe fruit treated with MJ after 24 h of incubation had 218 significantly increased ethylene production at zero and one day after treatment as 219 compared to control. However, the effect was not significant as the time after 220 treatment progressed. Similar trend in ethylene production was recorded when MJ 221 was applied to the discs of half ripe fruit and incubated for 48 h (Fig. 3) . 222
The discs of white fruit treated with MJ also exhibited a significant increase in 223 ethylene production one, two and three days after treatment as compared to untreated 224 fruit (Fig. 3) . MJ treated discs of white fruit after 24 h of incubation significantly 225 increased ethylene production 1, 2 and 3 d after treatment. MJ (50 µM) applied to 226 discs of white fruit after 24 h of incubation resulted in significantly higher ethylene 227 production as compared to other treatments 1, 2 and 3 d after application. However, 228 the increase in ethylene production in white fruit discs treated with MJ 48 h 229 incubation was not significantly different as compared to control. 230
Mean ethylene production was significantly higher in the discs of fruit treated 231 with MJ at white or half ripe stage than fully ripe stage irrespective of 24 h or 48 h 232 incubation periods (data not shown). Fruit discs treated with MJ (50 µM) resulted in 233 significantly increased mean ethylene production as compared to those treated with 234 MJ (10 µM) and untreated fruit (data not shown). The interactions among MJ 235 treatments, maturity stages and storage time for ethylene production was significant 236 (P ≤ 0.05) irrespective of incubation time 24 h or 48 h in all the MJ treatments. 237 238
ACC synthase activity 239
Fully ripe, half ripe and white fruit discs treated with 50 µM MJ after 24 h 240 incubation period had increased ACC synthase activity. However, the increase was 241 not significantly different compared to all other treatments at all days after treatment 242 (Fig. 4) . The activity of ACC synthase was significantly higher in the discs of fully 243 ripe fruit treated with MJ (50 µM) with 48 h incubation as compared to all other 244 treatments at day 0, 1 and 3 after treatment. Similarly in half ripe and white fruit, 50 245 µM MJ treatment after 48 h of incubation resulted in significantly higher ACC 246 synthase activity as compared to other treatments at 0, 1, 2 and 3 days after treatment.
The discs of white fruit treated with MJ after 48 h of incubation showed 248 significantly higher ACC synthase activity as compared to half ripe and fully ripe fruit 249 (data not shown). MJ treatment (50 µM) after 48 h of incubation resulted in 250 significantly higher ACC synthase compared to all other treatments (data not shown). 251
The interaction between MJ treatments, maturity stage and time after treatment for 252 ACC synthase activity was significant only when incubation period was 48 h. 253 254
ACC oxidase activity 255
Interaction among MJ treatments, fruit maturity stages and time after treatment 256 significantly affected ACC oxidase activity irrespective of incubation periods. Discs 257 of fully ripe fruit treated with 50 µM MJ with 24 h incubation period showed 258 significantly higher ACC oxidase activity as compared to other treatments at zero day 259 after treatment ( Fig 5) . As the time after treatment prolonged, the effect of MJ 260 treatments on ACC oxidase activity in the discs of fully ripe fruit was not significant 261 (Fig. 5) . In the discs of half ripe fruit, the treatment of 10 and 50 µM MJ with 24 h or 262 48 h incubation periods resulted in significantly higher ethylene production as 263 compared to control from day zero to three after treatment. The trend of ACC oxidase 264 activity and ethylene production in the discs of half ripe fruit treated with MJ (Fig. 3)  265 was similar. Similarly in the discs of white fruit, higher concentration of MJ (50 µM) 266 resulted in significantly higher ACC oxidase activity as compared to untreated fruit at 267 zero, one, two and three days after treatment (Fig 5) . 268
Mean activity of ACC oxidase was significantly higher with MJ treatments 269 irrespective of the incubation periods in white fruit as compared to fully ripe and half 270 ripe fruit (data not shown). The activity of ACC oxidase was declined with MJ 271 treatment when applied at half ripe and fully ripe stage and compared to white fruit. 272 Our experimental data support the hypothesis that MJ plays a role in the 307 ripening of strawberry fruit through stimulation of ethylene biosynthesis. Exogenous 308 application of MJ significantly increased ethylene production at fully ripe, half ripe 309 and white fruit. Ethylene was significantly higher with MJ application especially at 310 higher concentration (50 µM). The exogenous application of MJ in 'Camarosa' 311 strawberries at white and pink stage significantly increased ethylene production and 312 respiration rate (Perez et al., 1997) . Similar effect of MJ on ethylene production in 313 'Kensington Pride' mango was observed in our pervious work (Lalel et al., 2003) . A 314 continuos low concentration of exogenous MJ stimulated ethylene production, while 315 in high concentrations, the ethylene production decreased (Fan et al., 1998) . 316
Increased ethylene production in fruit treated with MJ may be due to the increase in 317 activity of enzymes involved in ethylene biosynthesis. Our experimental results 318 showed the increased ACC oxidase and ACC synthase activity in the fruit discs 319 treated with MJ after 24 h as compared to untreated fruit. The application of MJ 320 particularly in white and half ripe fruit increased ACC oxidase and ACC synthase.treated with MJ is due to the increased activities of ACC synthase and ACC oxidase. 323
Similarly, Kondo et al., (2007) reported that exogenous application of n-propyl 324 dihydrojasmonate to pear fruit increased ethylene production in system 2, including 325 ACC synthase and ACC oxidase. In apples, MJ treatment has also increased ACC 326 oxidase and ACC synthase activity in preclimacteric stage (Fan et al., 1998) . The 327 effect of MJ on ethylene production, ACC oxidase and ACC synthase activity was 328 greater in half ripe and white fruit as compared to fully ripe fruit. Higher 329 concentration of MJ also resulted in greater increase in ethylene, ACC oxidase and 330 ACC synthase. These results suggest that the responses to exogenous application of 331 MJ to strawberry are dependent on concentration and developmental stage at which 332 MJ was applied. Earlier it has been reported that MJ-stimulated ethylene production 333 in apple is also stage dependant (Fan et al., 1997) . 334
In conclusion, endogenous MJ in strawberry modulated fruit ripening, as its 335 
